Radius inflation continues to be explored as a peculiar occurrence among magnetically active, low-mass stars.
INTRODUCTION
A consensus is emerging that some low-mass stars (M 1M ) have larger radii than expected from standard stellar theory. This so-called "radius inflation" effect is typically of order 10-15% and is correlated with a roughly 5-10% lower effective temperature than predicted. Radius inflation has been observed in numerous studies using a variety of observational techniques including eclipsing binary analysis (e.g Popper 1997; Torres & Ribas 2002; López-Morales & Ribas 2005) , statistical projected radii (e.g. Jackson et al. 2016 Jackson et al. , 2018 , and spectral energy distributions (SEDs) (Somers & Stassun 2017 . Though the precise mechanism is still debated, strong magnetic activity seems to play a role either though the direct inhibition of convective energy transport, the influence of large starspots on the photospheric pressure and temperature, or a combination of both effects (e.g. Mullan & MacDonald 2001; Chabrier, Gallardo & Baraffe 2007; Macdonald & Mullan 2010; Feiden & Chaboyer 2013 , 2014 Jackson & Jeffries 2014a,b; Somers & Pinsonneault 2014 , 2015b . This conclusion is based on observed correlations between radius inflation and proxies of magnetic activity such as Hα emission, X-rays, and rotation rate (e.g. López-Morales & Ribas 2005; Stassun et al. 2012; Somers & Stassun 2017) . karl.o.jaehnig@vanderbilt.edu S2017 investigated whether any of the single K-dwarfs in the young Pleiades open cluster showed evidence of radius inflation. By measuring the SEDs of the stars to determine their luminosities, measuring their effective temperature using color proxies, and solving the Stefan-Boltzmann equation, S2017 determined the radii of 80+ Pleiads and compared them to stellar evolution models. They found that for stars rotating with a period slower than 2 d, corresponding to a Rossby number 1 (R N ) greater than ∼ 0.1 in the mass range they studied (∼ 0.7 − 0.9M ), the models predicted the T eff -radius relation extremely well. However, stars rotating faster than 2 d (R N 0.1) were on average ∼ 12% larger than predicted. This is an interesting value of R N , as numerous other studies have found that the correlation between rotation rate and magnetic proxies saturates at approximately this value (e.g. Wright et al. 2011) . This suggests that the radius inflation mechanism may be connected to the asyet unclear physics of magnetic saturation. Moreover, these inflated Pleaids tended to show higher lithium abundances as expected from stars experiencing radius inflation during their early lives (e.g. Somers & Pinsonneault 2014 , 2015b .
Following the results of S2017, we now wish to explore the evolution of radius inflation with stellar age. If radius inflation is a consequence of magnetic activity and rapid rotation, it stands to reason that the degree of radius inflation at fixed spectral type should decline with increasing age as stars both spin down and become less magnetically active (e.g. Skumanich 1972) . If in fact radius inflation exists for stars with Rossby numbers below ∼0.1 as suggested by the results of S2017, then the masses of inflated stars should be lower on average in older clusters, owing to the slower spin down rate of less massive stars. As a complement to the Pleiades, this paper will focus on the Hyades.
The structure of the paper is as follows: In section 2 we discuss the data we collected to form a complete sample of the Hyades pre-main sequence stars as well as any relevant data quality measures that were employed. In section 3 we detail how we calculated the radius inflation for each star in the Hyades. In section 4 we present the results we found between the derived radii inflation within the Hyades and stellar rotation of the stars. In section 5 we discuss the implications of our results with respect to stellar evolution and with regard to previous work in radii inflation. We present a summary of our findings in section 6 2. DATA 2.1. The Hyades sample
In order to properly derive effective temperatures for the stars within the Hyades, it is necessary to build a sample of known members and their magnitude measurements in different bands. We start with the Hyades membership list from the Goldman et al. (2013 catalog. G2013 made use of Pan-STARRS (Chambers et al. 2016 ) and PPMXL (Roeser et al. 2010 ) photometry, complimented by photometry from 2MASS (Skrutskie et al. 2006 ), SDSS-III DR8 (Aihara et al. 2011) , and UKIDSS DR8 (Lawrence et al. 2007) , in order to construct a complete stellar mass function. The G2013 final sample size of Hyades member stars was 774. The G2013 catalog did not have rotational periods for its final sample of Hyades stars and so it is necessary to complement the G2013 photometry with other catalogues which included rotation measurements.
To this end we employ two catalogues which have Hyades member stars with measured rotational periods. Douglas et al. (2016 measured rotation periods for 65 Hyades stars using the Kepler spacecraft during its K2 phase in order to study low-mass star gyrochronology. We crossmatched the sample compiled by D2016 against the 2MASS catalog in order to find complimentary stars within the membership catalog from G2013. We find that all 65 of the D2016 Hyades stars have cross-matches within the G2013 catalog. Delorme et al. (2011 also measured rotation periods for 63 Hyades stars in order to also study gyrochronology within the Hyades. We cross matched the catalog from D2011 with the catalog from G2013 and find 59 Hyades stars with period-of-rotation measurements. Within this set of 122 stars we checked for stars with double observations, finding 13 stars that have observations in both D2011 and D2016, thus reducing our initial sample to 109 stars with individual period-of-rotation measurements. For Hyades stars with double observations, we employed the period-of-rotation measurements from the more recent D2016 Delorme et al. (2011) and squares are sources taken from Douglas et al. (2016) . The points are all colored by their period in log 10 days.
catalog. We plot the color-magnitude diagram of this sample in Figure 1 .
Having compiled a set of Hyades members with measured periods, we moved to collect photometry in order to calculate the T eff . We queried the SIMBAD database (Wenger et al. 2000) in order to gather photometry in the Johnson passbands (U BV R J I J JHK). We found that there is sufficient V and K S 2MASS photometry to calculate T eff using the V − K S color. We cross-matched 2MASS IDs with CDS to download the K S magnitudes and use the V magnitudes from Johnson & Knuckles (1955) in order to assemble our sample of colors for the Hyades stars.
With these data we assembled our initial sample of 109 Hyades stars with V − K S photometry, and measured rotation periods. In section 3.2 we go into detail on deriving T eff values for our initial sample which pruned our initial sample size of 109 stars to 68 due to constraints on applicable color range for the derived color-T eff polynomial fits. In section 3.3 we detail our search of the previous literature for confirmed spectroscopic/visual binaries within our Hyades sample, finding 23 binaries within our sample of 68 Hyades stars. Our final sample of Hyades stars consists of this group of 45 confirmed single stars and 23 identified binaries. We provide the 2MASS IDs, positions, photometric measurements, and measured rotation period for these 68 Hyades stars in Table 1. 3. METHODS
Overview
The constraints applied to the data that we have just described largely follow the same conventions employed by S2017 in their analysis of the Pleiades cluster. In the following sections we outline our methods in analyzing our sample of Hyads. We also introduce a novel method for calculating stellar radius inflation that takes into account the relationship between T eff and radius (see section 3.6).
We aim to compare our results to the Pleiades results from S2017, but their method for determining ∆R did not account for this relationship. Instead, they simply used the isochronal radius at the measured T eff of the star as a comparison point.
A direct comparison with their values would therefore be biased. Instead, we recompute radius inflation for the Pleiades using the methods we have developed in section 3.6.
Using the well known Stefan-Boltzmann law
the radius of a star can be derived if its luminosity and T eff are known with acceptable precision. The luminosity can be determined using the equation
where f bol is the bolometric flux and d is the distance to the star. The T eff calculation remains the most crucial task in studying radius inflation, as it is the biggest contributor to the final uncertainty in the calculated radius (R ∝ L 1/2 T −2 ). In the subsections that follow, we briefly go over the derivation of T eff , the bolometric flux f bol , and the stellar radii for our sample of Hyads. The methods used in the derivations of T eff , and f bol are the same used in S2017.
Effective Temperature
In order to calculate T eff using the V − K S color we need to account for any possible extinction present in the Hyades. Since the Hyades is both within the local bubble and an older open cluster (650±70 Myr, from Martín et al. 2018) , there is very little extinction arising within the cluster or in the intervening ISM. We adopt E(B − V ) = 0.01 (Gunn & Stryker 1983 ), a typical value quoted for the Hyades. To convert this value to other colors, we employ the standard reddening law from Cardelli et al. (1989) with a selective reddening of R V = 3.1. This gives us an E(V − K S ) value of 0.027±0.01. With this we then proceed to use the empirical metallicity dependent calibrations from Huang et al. (2015) to calculate T eff using V − K, adopting [Fe/H] = 0.13±0.01 (Paulson et al. 2003 ). These color-T eff calibrations are valid over a V − K S color range of [0.85, 5.05].
We propogated the uncertainties on our V − K S color, the extinction E(V − K S ) quoted for the Hyades, and the Hyades metallicity [Fe/H] to get our overall uncertainties on T eff . These individual uncertainties on T eff are in the range of 5-34 K. We also had a systematic spectroscopic uncertainty of 60 K calculated from the polynomial fits of Huang et al. (2015) . Our overall T eff uncertainty ranges over 65-94 K.
Accounting for Binaries within our Hyades Sample
When it comes to the study of radius inflation in single stars, binaries pose a problem, as they can produce false indications of radius inflation photometrically. This problem arises from the additional flux from an unresolved binary system, causing observations to result in a higher measured magnitude. Typically, photometric binaries are identified because they form their own main sequence above the single star main sequence in the color-magnitude diagram. This effect has already been explored by S2017 who searched for and excluded binaries within their Pleiades sample. We summarize their conclusions of the effects of binaries on radii inflation below:
• Equal mass binaries will increase bolometric flux without significantly affecting the measured T eff , thus leading to a significant signal of radius inflation
• For low-mass-ratio binaries, the total bolometric flux is barely affected but the near-IR emission is significantly boosted, leading to a lower inferred T eff calculation. This can result in a false signal of radius inflation because the lower inferred temperatures means the star will be compared to the radius predicted for a lower-mass star.
We proceeded to look through our sample of Hyades stars for binary systems that have been confirmed with previous surveys. We focused primarily on finding confirmation either through spectroscopic surveys, which involve measuring the radial velocity and possible calculation of the orbital elements, or optical surveys, where the binary is resolved and its motions can be calculated.
As the Hyades is among the most observed open clusters, it was not difficult to find several surveys that considered both cluster membership and binarity. For our sample of Hyades stars we consulted Kopytova et al. (2016) for an initial list of their identified single stars, as well as the works they used to exclude stars that were in binary systems. We constructed a list of confirmed multiple systems using the catalogs of Mermilliod, Mayor & Udry (2009), Patience et al. (1998) , and Duchêne et al. (2013) . With this compiled list of catalogs we found that 45 stars within our sample of 68 Hyades stars had been previously identified as single stars.
For the other 23 stars within our sample we queried Vizier for any catalogues in which the binary status had been confirmed visually or spectroscopically. We found that 20 of our 23 Hyades stars are confirmed binaries, with observations coming from the Tycho Double Star Catalog (Fabricius, Høg, Makarov, Mason, Wycoff & Urban 2002) , the Washington Double Star Catalog (Mason, Wycoff, Hartkopf, Douglass & Worley 2001; Douglas, et al. 2014 ). We could not find confirmation of binarity, or single star status for three stars and decided to exclude them from our analysis. The final binary status for our final sample can be found in the last column of 
Bolometric Flux
In order to calculate the total bolometric flux of a star, f bol , we interpolated the observed spectral energy distribution (SED) of each Hyades star with a standard stellar atmosphere model from the model grid of Kurucz (2013) . This is the same SED interpolation procedure employed in Stassun & Torres (2016) and was used in S2017. Note that, as described by Stassun & Torres (2016) , the f bol determined via this interpolation procedure is virtually independent of T eff . We adopted the Hyades metallicity and the T eff derived in Section 3.2. The multiple photometric observations were col-lected by querying Vizier and cover a wide wavelength spectrum from the far-ultraviolet at ∼ 0.15µm to the far-infrared at ∼ 22µm. The complete list of surveys queried can be found in Section 2.3.1 of S2017. With these collected photometric observations spanning a wide wavelength spectrum it was then possible to construct an SED to calculate the total f bol . The resulting SEDs have a goodness-of-fit, χ 2 ν , determined by comparing the observed fluxes to the passbandintegrated model fluxes, and where the only free parameters in the fit are the reddening (limited to the allowable range determined above) and the overall flux normalization. These values are listed in Table 2 , along with the calculated bolometric flux.
Stellar Radius
The angular radius can be derived using a rearranged version of the Stefan-Boltzmann law, accomplished by replacing the luminosity in equation 1 with the luminosity-flux relation given in equation 2. The resulting equation can be rearranged such that we get
where Θ is the angular radius, given by R * /d. As we have already calculated the total bolometric flux, as well as the T eff , we can simply calculate the angular radius for our Hyades Sample by inserting these values into equation 3. We list the resulting angular radii in units of milli-arcseconds in Table 2 . Our calculated angular radii for our identified single stars have a range of µas with an average error on the calculated angular radius of ∼2.5 µas. Overall, the small magnitude of the angular radius error, along with the relatively small values of χ 2 ν indicate that the SED fits were accurate. To get the stellar radius from the angular radius, we multiplied the angular radius Θ of a star by its distance from us. The distance to the Hyades has been found to be about 46.75± 0.46 pc, using TGAS data from Gaia Data Release 1 (Gaia Collaboration, et al. 2017 ). S2017 employed a single star cluster distance measurement for the Pleiades to convert their angular radii derivations to stellar radii, with an uncertainty added to the distance to reflect the depth of the Pleiades cluster.
With the recent release of Gaia Data Release 2 (Gaia Collaboration et al. 2018), we now have individual parallax measurements with very high precision (σ π ∼ 10 −4 arcsec) for our entire Hyades sample. Instead of simply inverting the Gaia DR2 parallaxes to derive distances, we employed the distances calculated by Bailer-Jones et al. (2018) using Bayesian Inference for our individual Hyades stars. We then derived the observed stellar radii by multiplying our individual angular radii values by the associated individual distances we have for the Hyades stars. We list these stellar radii values in units of R in Table 2 .
The stellar radii are calculated using three other parmeters, each with their associated uncertainties. These parameters are the derived T eff , the total bolometric flux, and the distances for each star. We fitted a gaussian kernel density estimator to the distributions of fractional errors for the three aforementioned parameters and plot the resulting probability Here we see that the typical contributions to the uncertainty on R * are 1%, 4%, and 3%, for distance, T eff , and f bol , respectively. density functions in Figure 3 . From Figure 3 it is apparent that the error in Θ and by extension, ∆R * , is dominated by the error on T eff , though can be dominated by the error on f bol in some cases; the error contribution from the Gaia parallax is negligible in all cases.
Calculating Radius Inflation
In order to determine if a star has a larger radius than expected, we compared our derived values to stellar isochrones from the literature. Isochrones are frequently used to pre-dict theoretical properties of stellar populations under the assumption that they are all the same age and composition. In modeling the Hyades, we decided to use isochrones generated by Somers & Pinsonneault (2014) with a cluster age of 625 Myr and a metallicity of [Fe/H] = 0.13. We plot this isochrone alongside our Hyades sample in Figure 2 .
The method employed in calculating R iso for the Pleiades in S2017 (see their section 3.3) is summarized here. Calculating the amount of radius inflation occurring with a particular star requires the measured stellar radius and the expected stellar radius based on T eff from a representative isochrone. To calculate the isochronal stellar radius, R iso , a spline was fitted to the isochrone relating radius and T eff . Then R iso is calculated for a particular star by using the fitted spline to calculate the radius at its calculated T eff .
We introduced a new method for calculating the expected stellar radius R iso for a star at a measured T eff . As we assume that the luminosity will remain the same whether or not a star is undergoing radius inflation, we took advantage of this by calculating the luminosity, as given by equation 1 of our Hyades stars using R * and T eff .
We fit a univariate spline to the isochrone radius and luminosity from the 625 Myr isochrone. With this spline, we can then calculate R iso for each of our Hyades stars. We can now proceed in calculating the radius inflation that might be taking place within the Hyades. We employ the same equation from S2017, which is written as:
Where R * is the measured stellar radius we derived in section 3.5 and R iso is the radius we calculated using isochrones and the calibrated T eff . Thus the ∆R * value can be more simply stated as the fractional height above the fitted isochrone.
4. RESULTS We list the calculated overall radius inflation, ∆R, for each star within our final sample in table 2. We also re-plot the color-magnitude diagram of the Hyades within Figure 4 to include the radius inflation information. confirmed single stars within our sample are colored by the χ 2 ν values of the fitted SED and sized according to the calculated radius of inflation, using equation 4. Confirmed binary stars within the Hyades are plotted as red x's and not sized according to their degree of radii inflation. S2017 showed how their properties affect the calculation of radius inflation, causing false signals of radius inflation. Within Figure 4 we see the presence of the binary main-sequence, as well as the location of two inflated single stars within this binary main-sequence. Single stars that have undergone radius inflation are thought to exist within what is considered the binary main-sequence and are incorrectly classified as photometric binaries. We will comment on this further with respect to our results in section 5.
Relationship to Rotation Period
As mentioned in §1, radius inflation may be connected to rapid rotation. We therefore considered the connection between radius inflation and stellar rotation, as was considered within the younger Pleiades open cluster in S2017, by looking at the observed rotation period of our Hyades sample and the radius inflation. In Figure 5 (left panel) , we plot the observed rotation periods of our single stars against their calculated percentage of radii inflation. Overall we found that our Hyades sample periods are clustered around 10-15 days.
We binned the Hyades stars into two bin: the slow rotating stars (period > 10 days) and the fast rotating stars (period < 10 days). Within these two bins we found the average percentage of radius inflation and plot the two average values as the orange squares within Figure 5 (left panel) .
We explored the degree of monotonicity between radius inflation and rotation period by calculating the Spearman's Rank correlation coefficient, denoted by ρ spearman and the Kendall Tau correlation coefficient, denoted by τ kendall . These coefficients describe the degree of correlation between two variables, where a value of 0 is no correlation, values >0 are positive correlations, and values < 0 are negative correlations. In addition to the actual correlation coefficient, we calculated their p-values, to test against the null-hypothesis that these correlations could be due to random chance.
For period and ∆R, we calculate a value of ρ spearman = −0.032 and τ kendall = −0.022, with p-values of 0.832 and 0.829, respectively. This suggests that there is little to no correlation between period and radius inflation within this sample.
This result suggests that the relation between rotation and radius inflation found by S2017 becomes undetectable via observed rotation periods or disappears as the cluster ages and the star's magnetic fields become less active due to age related spin-down. To explore the likelihood of the second possibility, we considered also the Rossby number (Noyes et al. 1984 ) of the stars within the Hyades sample.
Relationship to Rossby Nubmer
The Rossby number (R N ) is the ratio of the rotation period of a star over the convective zone overturn time, denoted by τ cz , which is a timescale to describe how long it takes convective motions to traverse the convective envelope. Noyes et al. (1984) argued that the Rossby number is the preferential metric to study magnetic activity because it appears to correlate with magnetic proxies such as Ca II emission more strongly that just rotation itself.
In order to calculate the Rossby number for our Hyades sample, we employed the empirically calculated relationship between T eff and the convective overturn time, τ cz from Wright et al. (2011) . We fitted a cubic spline to this empirical relationship and calculated the expected convective overturn rate for our Hyades sample, using their individual T eff from section 3.2. We calculated the Rossby number for our Hyades sample by dividing the rotation period of our stars by their calculated τ cz value.
We plot the Hyades Rossby numbers against the calculated percentage of radius inflation in Figure 5 (right panel) . We bin this sample by either being slowly convective (R 0 > .25) or rapidly convective (R 0 < .25) We see there there is a greater spread in the distribution of Rossby numbers within the Hyades sample than with period, indicative of the fact that most of the rapidly spinning stars are lower mass. We calculated the ρ spearman and τ kendall coefficients and attain values of −0.549 and −0.404, respectively. The associated p-value are both ∼0.0001. This indicates that there is significantly non-random negative trend between the Rossby number and the percentage of radius inflation.
DISCUSSION
We have employed several measures to ensure that our data are free of spurious values and that the relationship we have found between radius inflation and rotational period is not random. In the following section we discuss possible sources of error and the impact of these sources of error on our findings within the Hyades cluster. The rest of the section will be dedicated to a discussion of our findings in the Hyades with respect to the findings of S2017 in the Pleiades. We will also discuss radius inflation as a function of age using these two clusters. 
Potential Sources of Errors

Binaries
As discussed above, binaries are a potential source of falsepositive signals of radius inflation since the bolometric flux enhancement from the presence of a secondary would appear as higher luminosity -thus larger radius at fixed temperature -in our analysis. While it is nearly impossible to prove that a star does not have a binary companion, we can assess how efficiently we have excluded binaries by comparing the derived radii of presumed-single and confirmed-binary stars rotating slower than R N ∼ 0.1. As these stars are not expected to be inflated by magnetic activity, stars with anomalously large derived radii can be confidently marked as binaries. S2017 did precisely this, finding significantly disparate distributions between the two samples. This provided confidence that most, if not all, binaries had been excluded from the full sample.
We repeat here this same exercise. In the top half of Fig.6 , we plot the periods of single stars with a rotation period greater than 10 days and binaries against their measured radius inflation. In addition to period, we plot the Rossby number (R N ) of the same two sub-samples of stars against their measured radius inflation in the bottom panel of Figure 6 . Like S2017, we found that there is a significant contribution to calculated radius inflation due to binarity. We also found that in considering both rotation period and Rossby number, that the distribution of slowly rotating single stars and binaries are different enough to claim here that we have effectively filtered out binaries from our Hyades sample.
Distance Errors
The calculation of the stellar radius, which is important as the baseline by which a star is judged to be radially inflated or not is vulnerable to either spurious distance measurements or high errors on the distance itself. High error arises from the typical employment of a cluster distance ± cluster depth, where the cluster depth is then taken as the error on the distance of all the stars. For the Pleiades, this was taken to be 134±3 pc (from Soderblom et al. 2005) .
We are able to consider the individual distances to all of our Hyades stars with the Gaia DR2 catalog. The Gaia DR2 catalog measured proper-motions and parallaxes for over 10 9 stars down to a magnitude limit of M G ∼ 20, with parallax errors approaching 40 µas. For our final sample of Hyades single stars, we found that the Gaia DR2 parallax errors span a range of [37.8, 511.9] µas with an average of 86 µas. Using the distance derivations in parsecs from Bailer-Jones et al. (2018) we have an error on the individual distances of our single stars spanning the range [0.064, 2.435] pc, with an average distance error of 0.30 pc. We plot the distances and T eff for the single stars in our Hyades sample, along with the relevant errors in Figure 7 .
The plotted single stars are all grouped around the typically quoted cluster distance to the Hyades of 46.75 pc (see Reino et al. 2018) . The scatter within this group exhibits the cluster depth along our line of sight and is well within the typically cited tidal radius of the Hyades of ±10 pc (Reino et al. 2018) . From the Figure 7 , as well as the relatively small contribution of distance errors shown in Figure 3 , it is apparent that the distance measurements from Gaia DR2 for the Hyades are precise enough to employ for our conversion from angular radius to stellar radius.
Radius Inflation and Cluster Evolution: From the Pleiades to the Hyades
We now have two sets of measurements of radius inflation occurring within open clusters of different ages: The Pleiades cluster which has an estimated age of about 125 Myr and the Hyades cluster which has an estimated age of 625 Myr. With this set of data covering a range of about 500 Myr we now have the opportunity to consider radius inflation in the broader sense of cluster evolution.
One of the aspects that need to be addressed in comparing the Hyades and Pleiades is the inherent mass difference we find between the samples. The Hyades cluster, being about 625 Myr old has spun down considerably more than the Pleiades. We find the effect of this spin down appear as a lower T eff distribution when compared to the younger Pleiades (125 Myr). Our Hyades sample has an average T eff of 4300 K while the Pleiades sample has an average T eff of 5300 K. We test the similarity of these two distributions using the two sample KS test, finding a non-random difference between the two samples. We argue that this does not affect our results as presented, as we are comparing the overall presence of radius inflation as a function of cluster evolution here and not the relative degree of radius inflation.
In the right panel of Fig. 8 , we plot the rotation rate of single stars in both the Pleiades (circles) and Hyades (triangles) against their T eff . Each datum is colored according to its inferred radius inflation. As shown before, the stars with convincing evidence of inflation (darkest points) are rotating faster than average for their mass range. However, the inflated Hyades stars rotate slower than the inflated Pleiades stars. In the left panel, we show the same plot with the Rossby number substituted for rotation rate. As low-mass stars have a longer convective overturn timescale, the Rossby numbers of the inflated Hyades are similar to those of the faster-rotating Pleiads. In this panel, the inflated members of both cluster now occupy a similar range, namely 0.2. That the onset of inflation seems more closely tied to Rossby number than raw rotation rate strongly suggests a link with magnetic properties.
An alternative way to view these data is shown in Figure  9 . Here we plot the rotation rate and Rossby number of each star directly against the inferred radius inflation. While there seems to exist a connection between rotation and inflation in both clusters, in the sense that below a threshold rotation rate stars can show significant inflation, the transition rotation rate does not align for the two clusters. However, in Rossby space we see again an apparent transition around R N ∼ 0.2, above which stars cluster around a low ∆R value and above which stars may show large radius inflation values. The most likely explanation for this alignment is that the same magnetic mechanism is operating in both clusters, but sets in at different mass thresholds given the progressive spindown of stars with age.
Many previous studies have considered correlations between Rossby number and the magnetic properties of stars (Noyes et al. 1984; Pizzolato et al. 2003; Wright et al. 2011; Douglas, et al. 2014) . A notable result is that around a Rossby number of 0.1-0.2, there is a break in correlation between rotation rate and magnetic proxies (e.g., Hα, X-rays, Ca II H&K). Towards larger Rossby numbers, the magnetic proxies decrease in strength with decreasing rotation rate, but at lower Rossby numbers the correlation ceases and the strength of magnetic proxies are approximately constant regardless of the rotation rate. A similar connection between Rossby number and starspot properties has also been noted (O'dell et al. 1995 ) SS17 noted that radius inflation set in around this Rossby value in the Pleiades, suggesting a connection. Figure 9 shows that this Rossby threshold appears to hold in the much older Hyades as well, even though the low-Rossby stars are in a different mass range. This strongly suggests that the still-unclear physics of magnetic saturation are related to the onset of radius inflation at high rotation rate.
CONCLUSIONS
The causes of radius inflation-the tendency of some low mass stars to be physically larger by ∼10% than both theoretical predictions and other stars of equal mass, age, and composition-remains an active area of research. In a recent paper, S2017 searched for the presence of radius inflation among the low mass members of the Pleiades, finding a significant correlation between rapid rotation and radius inflation. This strongly implicated dynamo-generated magnetic fields, which are strong in rapidly-rotating young stars, as the driver of inflation. In this work, we have expanded the reach of this investigation to the older Hyades cluster in order to test how the inflation pattern within clusters evolves as a function of age.
We used archival photometry, distances, and rotation rates for a sample of 68 single-star Hyads between ∼ 0.5 − 1 M , and empirically determined their T eff s and radii. By assuming a correlation between inflated radius and reduced surface temperature (see §3.6) we calculated the fractional deviation of each star's radius from theoretical expectations. From this exercise, we found several Hyades members exhibiting radius inflation.
These values reveal a strong correlation between the degree of radius inflation and Rossby number (R N ), a robust indicator of the strength of dynamo-generated magnetic fields. Thus we concluded that Hyades members with R N below 0.1 (implying very rapid rotation) tend to be physically larger than their siblings with higher R N s (slower rotation). Finally, we compared these Hyades results to the findings of S2017 for the Pleiades. Those authors only reported a correlation with rotation rate, so we re-analyzed their results with the methods laid out in this paper. We find that the S2017 Pleiades sample also shows a strong correlation between radius inflation and R N . Moreover, and remarkably, the Pleiades exhibits the same transition point at R N ∼ 0.1 as the Hyades, with inflated members below this value and non-inflated members above. This strongly suggests that this R N threshold for radius inflation is universal, at least over the range of cluster ages spanned by the Pleiades (∼100 Myr) to the Hyades (∼700 Myr). Future work should focus on characterizing inflation over a larger range of open cluster ages, in order to assess the full age domain in which this Rossbyinflation correlation persists.
Notably, the mass range of stars with low R N is lower in the Hyades than in the Pleiades due to the progressive spindown of stars below ∼ 1.3M as they age. This implicates rotation, and not the mass range, as the primary corollary of radius inflation. More fundamentally, because the canoni-cal rotation-activity relation of low-mass stars is understood to result from the connection between magnetic activity and surface convection, our results imply that magnetic activity within the convective layers of low-mass stars is what preferentially drives radius inflation. Table 2 continued 
